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Abstract 
Uniformity of superconducting layer can play important role in various applications of coated conductor tapes. 
For example a degradation of critical current density at the tape edges causes significant elevation of transport 
AC loss compared to the uniform tape with the same critical current. Then the information about tape 
uniformity is essential when a valid AC loss prediction should be obtained by a numerical simulation. For this 
purpose we investigated experimentally the distributions of magnetic field above the tape surface obtained by 
Hall probe mapping. An advanced inversion procedure has been developed to resolve the critical current 
distribution across the tape width. The results obtained for SuperPower® CC tapes with non-magnetic substrate 
are presented and the implications on the AC loss behaviour are discussed. 
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1. Introduction 
Analytical models of AC loss behaviour in superconductors [1] cover limited number of 
geometries and do not include many real properties of superconducting tapes. Therefore numerical 
simulations of AC losses in superconducting tape are commonly used. Such approach also allows to 
include more detailed information about a spatial distribution of the superconductor properties, in 
particular of the local value of critical current density. Such phenomenon seems to have more 
significant influence on the AC loss than e.g. the dependence of critical current density on magnetic 
field. Non-uniformity in superconducting tapes and its high influence on the AC losses behaviour 
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was observed by numerous research groups – [2-4]. Some authors use the magnetic knife method 
[3-4] for determining Coated Conductor (CC) tape non-uniformity. In comparison to this, the 
magnetic field mapping method described here can give higher resolution. Another advantage of the 
reported method is the application of uniform magnetic field during the measurement which allows 
us to distinguish between the non-uniformity and the jc(B) dependence. Limitation of the method is 
that it works for the CC tape with non-magnetic substrate only. 
 
2. Experimental details 
The procedure of obtaining the non-uniformity profile described in this paper is illustrated for 
CC tape manufactured by SuperPower® [5]. The technique was tested on wide range of tapes – with 
or without Cu stabilizer, and the widths of 4, 6, and 12 mm. The main limitation of our method is 
the requirement of non-magnetic substrate of the tape. Here we present the results comparing three 
12 cm long pieces of 6 mm wide Cu stabilized tape obtained by sequentially cutting the long tape. 
In the text below these samples are marked as “sample 1”, “sample 2” and “sample 3”, respectively. 
For magnetic field mapping we use the InSn Hall probe [6] with 50u50 μm active area. The 
sensitivity of the Hall sensor at 77 K was 176 mV/T for 10 mA supply current. Hall-probe scan was 
performed across the tape width in its central part. The component of magnetic field perpendicular 
to the tape wide face was recorded at the distance of 0.2 mm from the surface. The used scanning 
step was 50 μm. During the measurement the sample was fixed in the middle part of double race-
track copper magnet – Fig. 1, and cooled down by liquid nitrogen (LN) to 77 K.  
 
 
Fig. 1. Schematic view of the Hall-probe mapping system.  
The current leads were pressed to the ends of the sample. We did not use soldering to allow an 
easy removal of the sample after measurements. This permits an immediate mapping of the 
background field that is used in data processing. We used the following conditions of the 
measurement: the applied magnetic field was equal to 100 mT, the transport current in the sample 
was equal to its critical value (Ic) for this actual applied field. Observed critical currents of measured 
samples were about 160 A in the self-field and about 90 A in the 100 mT external field, applied in 
perpendicular direction to the tape surface. External applied field was used in order to homogenize 
the local magnetic field and in this way reduce a possible influence of jc(B) dependence on the 
current distribution. 
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Transport AC losses were measured on each sample by lock-in technique at the frequencies 36 
and 72 Hz. We did not observe any frequency dependence i.e. the value of loss per cycle remained 
the same. The dependence of AC loss on transport current in self-field conditions was measured for 
current amplitudes from 0.1·Ic to Ic (here Ic is the critical current at the self-field). The results 
obtained on different samples are similar but not identical. For easier comparison the loss values 
were normalized by Ic2 and the transport currents by Ic.  
 
3. Calculation details  
3.1. Obtaining non-uniformity profile from the magnetic field distribution 
The non-uniformity profile (f(x) function) was obtained from the magnetic field distribution, 
measurement of which is described above. For this calculation we utilise the commercial software 
Matlab [7]. By the inversion procedure proposed in [8] the longitudinal component of the current 
density in 1 μm thick superconducting layer was calculated. Calculation is very sensitive to the 
distance between sample and Hall probe. In our experience the distance should be less than 0.4 mm. 
We have also noticed that the use of bigger scan step can prevent numerical oscillation of the 
inversion procedure. Actually for this work the current distribution was determined with the 
0.15 mm resolution from the field distribution measured with 0.05 mm step. 
For 100 mT applied magnetic field the interplay between applied and current-generated magnetic 
field during the measurement is still observable. This fact causes non-symmetric profile of total 
magnetic field with respect to the centre of HTS tape. In this situation the jc(B) dependence causes 
different suppression of jc in different positions across the tape width. The resulting effect resembles 
an inclination of obtained current density distribution which is observed experimentally. Therefore 
the measured profile was symmetrized relatively to the tape centre by choosing an average value of 
the calculated current density for the points which are situated at the same distance from the tape 
centre. We need to note, that more precise way is to make second measurement with opposite 
polarity of current in the sample (or opposite polarity of the external magnetic field) and make 
averaging of both measurements. Our procedure produces symmetrical profile irrespective of the 
tape real property in this regard. We expect low influence of this symmetrisation on the calculated 
AC losses. 
Finally the obtained profile (f(x) function) was normalized to reach maximum value of 1 for 
further use in the (FEM) model. Such normalization allows defining the critical current in the 
modelled tape by the single jc variable.  
3.2. AC loss calculation 
We use the finite element method in our numerical simulations for AC loss calculation. For this 
purpose the commercial software Comsol Multiphysics [9] is used in assemble with Matlab. For 
superconducting material simulation we use the definition, given in terms of vector potential of 
magnetic field [10]. The jc(B) dependence was not used in this simulations because its influence on 
resulting AC losses was significantly smaller than the influence of the non-uniformity profile. The 
current density in the superconducting layer was inserted as jc·f(x). Distributions of current density 
and magnetic field were performed by two-dimensional calculation (in the sample cross-section) 
assuming the infinitely long tape. The cross-section of superconducting layer was represented by the 
rectangular subdomain 6 mm width and 1 μm thick, placed in the centre of circular computation 
area with 4 cm radius. The superconducting subdomain contains 1500 quadrilateral mesh elements, 
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with the size exponentially increasing from edges to centre. We have used such non-uniform 
meshing because for AC losses computation the detailed knowledge of magnetic flux penetration 
through the tape edges is of particular importance. Another reason could be the non-uniformity 
however in our calculation this was not the original motivation for the mesh modification.The 
computation area was free meshed by triangular mesh elements in total number of 11204. Actual 
mesh density gives a good compromise between computation time and calculation precision [11]. 
For each sample AC losses were calculated for 12 transport current amplitudes. AC loss for every 
value of transport current amplitude was obtained by numerical integration of calculated I-Ф 
hysteresis loop, formed by 40 points. In order to save the computation time the distributions were 
calculated for 20 time instants, which represents half of the AC period and the rest of cycle was 
completed using the symmetry between the half-periods. 
 
4. Results and discussion  
Measurements and numerical simulations, described above were performed for each of the tree 
samples. Obtained non-uniformity profiles are shown in the Fig. 2. As one can conclude, the shapes 
of obtained profiles are similar, but slight difference is observable. This can indicate longitudinal 
non-uniformity of the HTS tape. 
  
Fig. 2. Obtained non-uniformity profiles for three 6 mm wide samples.  
On Fig. 3 the measured and calculated AC losses are compared. Results for samples 1-3 are 
placed in separate diagrams, marked as a – c, respectively. One can see that the analytical model for 
thin superconducting strip could not explain the AC loss behaviour in this tape. The numerical 
calculation we have performed for the conductor with rectangular cross-section identical to the 
superconducting layer of investigated tapes assuming jc = const gave the result exactly identical to 
this analytical model. Interestingly the measured losses seem to be better described by the analytical 
prediction for a tape with elliptical cross-section. Compared to these analytical models, the 
numerical calculation, which takes into account the tape non-uniformity revealed by the magnetic 
field mapping fits the measured AC losses much better. Thus the non-uniformity profile which was 
obtained from the magnetic field measurement can explain the AC loss behaviour very well. 
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Fig. 3. Measured and calculated AC losses for samples 1 – 3 (diagram a – c, respectively) in comparison with 
the Norris prediction for ellipse and strip 
5. Conclusions 
Our experiments confirm that taking into account the non-uniformity of superconducting tape can 
significantly improve the numerical model of its electromagnetic behaviour. We present a 
straightforward procedure for extracting the non-uniformity profile from magnetic field 
measurements. This method gets good recurrence and can be applied to the tapes with various 
widths (4, 6, 12 mm). We found helpful in our measurement procedure to suppress the critical 
current of the measured HTS tape by applying a background magnetic field. This allows not only to 
minimize the influence of jc(B) dependence, but also decreases the requirement on the current 
source for the sample. Limitation of the method is the requirement to the tape to have a non-
magnetic substrate, because ferromagnetic parts can change measured magnetic field above the tape, 
and inversion procedure is no more valid for such distorted field profile. 
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